Fibre reinforced polymer composites has been used in a variety of applications. Recently, there is increasing interest in the research on natural-synthetic fibre hybrid composite. In this study, water absorption behaviours and impact properties of woven kenaf-Kevlar hybrid composite were evaluated. In all samples, Kevlar (aramid fibres) was kept as the skin layers and kenaf as the core material. The experimental results revealed that the hybrid composites with high kenaf content shows low density (0.88g/m 3 ) and contains a high content of the voids (25.67%). Similar finding observed in water absorption and thickness swelling test as the hybrid composite with higher kenaf content absorb more water absorption and low dimensional stability. Water absorption affects the impact strength of the composites. The impact strength decreased about 45.38 % (from 228.24 to 124.66kJ/m 2 ) in sample H1), whereas, the highest impact strength decreased of about 78.52% (from 179.71 to 38.60 kJ/m 2 ) was observed in sample H5). The result of this study is important for the further utilisation of woven kenaf in hybrid laminate composites.
INTRODUCTION
High performance fibre reinforced polymers (FRP) composites are widely used in the aerospace, defence and automotive industries because of the light-weight and its excellent mechanical properties. Nowadays, the FRP composite is developed primarily using synthetic fibres such as glass, carbon, aramid, etc. The advantages synthetic fibres such as their high strength, high stiffness, long fatigue life, corrosion resistance and environmental stability, thermal insulation, conductivity and many more are wellknown. Due to high production cost and fear of petroleum resources and environmental consciousness, researchers have begun to explore on natural fibre based composite. The increasing attention on the use of natural fibres composites are mainly due to their availability from renewable natural resources, light weight, low cost and biodegradability. Natural fibre composites have been widely studied such as; banana [1] , pineapple leaf [2] , sugar palm, kenaf [3] , coconut coir [4] and sugar palm [5] . However, the use of natural fibre alone is inadequate in performing high requirements compared to synthetic fibres. Hence, hybridization is the way to develop good, economic and environmental friendly composites.
Hybrid composite of natural/synthetic has been successfully explored such as on glass/curaua fibre [6] ; oil palm fibre/glass [7] , kenaf/glass [8] and banana/glass [9] . The factors influencing the final properties of hybrid composites include: matrix nature, overall fibre content, relative fibre volume, fibre length, moulding process and fibre-matrix interface. John and Naidu [10] reported an increase in tensile properties as higher glass content in the sisal/glass/polyester hybrid composites. The density of a composite depends on the relative proportion of matrix and reinforcing materials. Jawaid et al. [11] investigated the effect of void content in oil palm empty fruit bunch/jute composites. Water absorption affects the mechanical properties of natural fibre composites. Abdullah et al. [12] reported a significant loss in impact strength of kenaf/polyethylene terephthalate fibre reinforced polyoxymethylene hybrid composite after exposed to moisture, water spray, and ultraviolet penetration in an accelerated weathering chamber. Law and Ishak [13] reported a significant increase in the impact resistance of the treated kenaf fibre-filled polypropylene composites. This is due to the swelling effect of the fibres which enhanced the frictional of the fibre and matrix. Hybridization of natural fibre with synthetic fibre improves the moisture resistance of the hybrid composite [14] . Romanzini et al. [15] found that the higher fibre content and higher ramie fibre fraction in the hybrid composites yielded lower weight composites, but higher water absorption in the hybrid composite. Zambri et al. [16] found that hybridization of jute/ glass fibre-reinforced decreases the maximum moisture absorption and increases the mechanical properties of the composites. Imielińska and Guillaumat [17] reported that the impact energy absorption of woven aramid-glass fibre /epoxy composite was not affected with water immersion ageing. This work focused on determination of density, void content, water absorption and thickness swelling of hybrid composites at different fibre contents. In addition, the effect of water absorption on impact strength of hybrid composite was also evaluated.
EXPERIMENTAL 2.1 Materials
The woven kenaf fabric was produced by hand loom weaving process using kenaf yarns. Kevlar 129, a paraaramid synthetic fibres in plain weaved structures are used in this study. The density of Kevlar is 1.44g/cm 3 , which is taken from the supplier's data sheet. The density of kenaf is 1.40g/cm 3 . The matrixes are D. E. R.331 liquid epoxy resin with a density of 1.08g/m 3 . The resin was cured using joint amine type (905-3S).
Fabrication of composites
Hand-lay-up method was adopted to fabricate laminates of Kevlar 129 and woven kenaf in epoxy resin. Woven kenaf, and Kevlar fabric were hand lay-up with the epoxy matrix by mixing epoxy resin and amine hardener in the ratio of 2:1 in a mild steel mould (20x 20cm 2 ). In order to prevent adhesion to the mould, all the mould surface was sprayed with a mould release agent. For each hybrid composites, the volume ratio of matrix to fibre was kept approximately 70:30. In each sample the ratios of Kevlar to kenaf woven were varied to get a range of hybrid ratio. Three types of composites was prepared based on the ratio Kevlar/kenaf weight (%) that are; H1 (78/22), H3 (50/50) and H5 (32/68). After curing, the composites were cut into required size for physical and impact characterization.
Physical characterization 2.3.1 Density
The density of the hybrid laminates was measured based on ASTM D792 standards by using the densimeter MD-200S, Mirage. Distilled water was used as the immersion fluid and the mass was measured using a digital balance with a 10 -3 g resolution. Five specimens in the size of 10mm x 10mm were tested. For the determination of voids in composites, ASTM D 2734-94 method was used. The void content was determined from the theoretical and the experimental density of the composites through Equation 1 and 2.
(1)
Where (2) where w f is the fibre weight fraction, w m is the matrix weight fraction, ρf is the fibre density, and ρm is the matrix density. 
Water absorption and thickness swelling test
Three samples of each composite were immersed in distilled water at room temperature. After more than 300h, the samples were removed from the water, wiped with a clean tissue paper before the weight and thickness value was measured. The percentage of water absorption was calculated by the weight difference using the following equation:
where w e is the relative weight change or water absorption percentage, w t is the weight at the time t, and w 0 is the initial weight at t=0, and t is the soaking time.
The percentage of thickness swelling was calculated by:
where T re is the percentage of thickness swelling, Tt is the thickness at time t, and T 0 is the initial thickness at t=0.
Charpy impact test
The impact test samples were prepared and tested according to the ASTM D256. The Charpy test was performed on five samples using a pendulum impact tester. Five unnotched samples of dimension 80mm×10mm×respective thickness from each composition were tested. The sample was impact tested before and after the water absorption test.
RESULTS AND DISCUSSION 3.1 Physical properties
The physical properties of composites are presented in Table 1. The properties of kenaf/epoxy (All kenaf) and Kevlar/epoxy (All Kevlar) were also reported as a comparison. It was observed that the density of the hybrid composites is slightly increased as the quantity of Kevlar fibre loading increased due to the slightly higher density of Kevlar compared to kenaf.
The sample H5 recorded the lowest density. This may be due to the low density of kenaf content which contributes to lower weight compared to the volume of the samples. Void content increased with the increased in kenaf fibre contents up to 25.67% as shown in sample H5. However, in all kenaf samples, the void content is lower because of matrix encapsulation around the kenaf layers. According to Bhagat et al. [14] natural fibre contains large amount of the hydroxyl group which make it polar and hydrophilic whereas, the polymer matrix are hydrophobic. Kevlar fibre also absorbed water via the presence of voids in its structure [18] . The polar nature resulted in a void in the fibrematrix interface [19] . The cause of higher void content in H5 also related to the incapability of the epoxy resin to replace the air, which entrapped within kenaf loose structure [20] and also within kenaf yarn itself. It also may be due to the incompatibility between the natural fibre and epoxy matrix. The void content increases with Kenaf fibre loading and this trend is also reported by previous researchers [14] [21]. In overall, higher fibre content resulted in a higher density of hybrid composite.
Water absorption and thickness swelling properties
Water absorption curves are shown in Fig. 1 . In general, the water absorption behaviour the composites can be considered as a non-Fickian process as it increased with time but never reaches equilibrium. It is observed that the samples; H3 and H5 absorbed more water than other samples (about 10%). The diffusion coefficient (D) and maximum water absorbed is shown in The diffusion coefficient (D) shows the ability of the water molecules to penetrate inside the composites. For the initial part of the absorption phenomenon, the mass of water, M%, absorbed in a time t can be written as a percentage of the mass of water absorbed at saturation, M ∞ . It was calculated using the following equation from the initial slope of the plot of M%, /M ∞ against (time) 1/2 .
where L is the thickness of the specimen. Mt is water absorbed in a time t and M ∞ are the mass of water absorbed at saturation, h is the slope of plot of M (%) vs. √t.
The water absorption of hybrid composite increased with the increased in kenaf fibre content. However, in the all kenaf samples, water absorption is lower compared to hybrid composite. This may be due to epoxy resin limit the absorption of water into the woven kenaf composite because the nature of epoxy resin as a water resistant matrix [11] . It was observed that high kenaf fibre content in the samples leads to more water penetration. This is due to water penetrates into the interface through the micro cracks induced by swelling of the fibres. Natural fibre contains large amount of the hydroxyl group which make it polar and hydrophilic whereas, the polymer matrix are hydrophobic [16] . Kevlar fibre also absorbed water via the presence of voids in its structure [18] . Sample with lower kenaf content absorb less water due to the reduced water absorption of the Kevlar fibres in which the many O-H groups of the cellulose are more exposed, thereby increasing the hydrophobicity of the system [9] . The presence of high void in samples H3, and H5 increased the water absorption as water trapped in the voids. In general, water absorption in composite depends on factors such as the volume fraction of the fibre and void content [22] . Fig. 2 shows the changes in thickness of composites with immersion time. Similar to water absorption, the overall results show a rapid rate of thickness swelling at the beginning of the test, but the rate was reduced with time until it reached a steady level. Thickness of sample H5 and Kenaf, increase about 10% from the initial records. Similar to water absorption, thickness swelling of the tested hybrid composites increased with the higher percentage of kenaf fibres in the composite. Except for all kenaf epoxy composites, the thickness swelling was stopped at 9.25%. This may be due to a good fibre-matrix adhesion. Swelling of fibres as a result of water absorption leads to the reduction in the stiffness of the fibres and also resulted in the development of shear stress at the interface that causes debonding of the fibres from the matrix [23] . Similar behaviour was reported by Athijaya-
mani et al. [24] on the roselle and sisal polyester hybrid composite. The moisture absorption, increased with fibre incorporation due to greater micro-void formation in the matrix.
Charpy impact strength
The Charpy impact test was conducted to analyse the energy absorption capability of the different samples. The impact strength was calculated by dividing the recorded absorbed impact energy with the cross-section area of the samples. After water immersion, the impact strength of kenaf-Kevlar hybrid composite in shown in Fig. 3 .
Sample H1 (more than 50% Kevlar) recorded a 45.38 % decrease in impact strength, whereas in the sample H5 (more than 50% kenaf) recorded a higher reduction (78.52%). The decrease in impact properties of hybrid composites may be due to the form of damage in kenaf fibres during long water immersion period. According to Chow et al. [25] the prolong period of water immersion has caused damage to the fibre structure, thus provide additional channels for water to diffuse into the composite and further weakening the fibre/matrix interface. Impact properties were reduced due to voids and the porosity which degrade the fibre-matrix interface. Similar finding, reported by Athijayamani et al. [24] . 
CONCLUSIONS
In this paper, physical behaviours of woven kenaf-Kevlar hybrid composite were studied and the effect of the water penetration on impact strength of the composites was determined. From the results we concluded that, water absorption and thickness swelling are affected by the physical properties of the composites. Water absorption and thickness swelling of hybrid composite with higher woven kenaf content is higher compared to other hybrid content. Water absorbed by the composite had a detrimental effect on the impact strength of hybrid composite as it was greatly decreased after water immersion test.
